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It is commonly agreed that the malignant tumor is emancipated from the
controls to which cell proliferation is subject in the normal tissues, however hypo-
thetical the existence of such controls may be. The autonomy of the cancer cell is
thought to be the result rather than the cause of its cancerous transformation.
The present study was stimulated by Bullough's (1) finding that the mitotic
frequency in mouse epidermis is considerably higher in middle-aged than in young
animals even before they have reached full size. This finding contradicts the com-
mon concept of aging, according to which bodily processes slow down and the
regenerative capacity of the tissues diminishes with age.
If Bullough's observation should prove to hold for other epithelia this would
point to the possibility that the mechanisms by which normal cellular prolifera-
tion is controlled are weakened in the older individual. The incidence of cancer
increases with age. One might suspect that the full emancipation from control of
the full-fledged malignant cell is prepared for by the partial emancipation from
control which occurs with age.
The present study was undertaken in order to determine whether human
tissues in which maintenance depends on the perpetual proliferation of cells
resemble similar tissues in mice in showing higher regenerative rates in older
individuals.
Gingiva was chosen because of the ready availability of biopsy material from
this site. It was anticipated that many variables other than age would influence
the individual mitotic frequencies. It was therefore thought advisable not to
study the entire human life span, but to concentrate on two separate stages.
MATERIAL AND METHODS
The study was based on 60 human biopsy specimens of the attached gingiva
measuring from 1 to 5.5 mmin length after fixation. 30 specimens came from men
ranging in age from 25 to 34 years, and 30 from men ranging from 50 to 78 years
of age.
A clinically normal region of gingiva in the anterior region of the mouth was
used for biopsy. The biopsy specimens were taken between 2 p.m. and 4 p.m.
except for a small number of specimens which were obtained in the later hours
of the morning. The tissue was immediately fixed in Zenker's solution, sections
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f3p thick prepared in routine manner and stained with hematoxylin-eosin. Speci-
mens which were not cut at right angles to the surface and specimens which
showed microscopic signs of inflammation in the attached gingiva were omitted
from the study. The cases which remained included thus represent clinically and
histologically normal-appearing attached gingiva of healthy males.
Camera lucida drawings were made of a section from each specimen. The
surface area of the epithelium was measured on the drawing with a planimeter
and the measurement divided by the square of the linear magnification used in
making the drawing. This value was converted to (100 )2.* In each drawing,
a small area containing several hundred cells was mapped out according to the
presence of landmarks which made it possible to identify its precise boundaries
in the histologic section. The surface of this area was measured in the drawing and
a count of the cells contained in it was made in the microscopic section. The total
number of cells in the epithelium was computed from the planimetric measure-
ment of the whole specimen and the density of cells in the sample area. Duplicate
estimates of total cell number made by using two separate sample areas agreed
within 10%. The number of mitoses in the whole specimen was counted and from
the mitotic count and the estimate of the cell population of each specimen the
mitotic index, expressed as number of mitoses per 1000 cells, was computed.
Each specimen was examined for degree of cornification and presence or
absence of a granular layer. The thickness of the cornified layer was measured
with an ocular micrometer. A specimen was classified as having a granular layer,
even when the granular layer was discontinuous and the granulation very slight.
RESULTS
1. Mitotic frequeiwy in young and old groups
In a total of 328,600 cells, 443 mitoses were found, of which 23 % were in the
basal layer and 77 % in the inner cell layers of the stratum spinosum. The distribu-
tion of mitoses between spinous and basal cells was the same in the young and old
age groups.
The average mitotic index for the young group was 0.98 cells, the average for
the old group 1.56 cells per 1,000. The difference proved to be statistically sig-
nificant at the 4% level of probability. The average mitotic frequency thus in-
creased by about 50 % in the 34 years which lie between the average ages of the
young and the old group.
The differences between the two groups in the distribution of mitotic indices
are shown in figure 1. Mitotic indices ranging between 0 and 0.5 cells per 1,000
were found in 13 of the 30 young cases and 4 of the 30 old cases. Indices between
0.5 and 1.5 cells occurred in 11 young and 15 old cases. Indices above 1.5 cells
occurred in 6 young and 10 old cases. The most striking difference between the
* Thisequals 10,000 i2. This unit of area was chosen because its dimensions are easily
visualized.
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two groups therefore is the greater frequency of a very low rate of cell division in
the young group.
2. Incidence of granular layer and relation of mitotic frequency to presence of gran-
ular layer
Cells containing keratohyalin granules were present in 23 cases. The thickness
of the granular layer was usually rather variable, ranging from a single to 4 or 5
layers of cells. Size and number of the keratohyaline granules tended to vary in
the same direction as the width of the layer.
13 specimens with keratohyaline granules belonged to the young group and 10
to the old. The epithelia of the old group tended to be more heavily granulated
than those of the young, but like the difference in incidence, this difference was
slight.
Frequency of mitosis in the presence of a granular layer: For the 23 specimens
having a granular layer, the average mitotic index was 0.73, for the 37 specimens
without it, it was 1.60 cells per 1,000. This difference was highly significant (at the
.1% level).
The reduction in mitotic frequency associated with the presence of a granular
layer made it advisable to separate this factor from the age factor. The results of
this separation are shown in figure 2. In each age group, the mitotic index in the
absence of a granular layer was twice as high as in its presence. However, the
young cases without granular layer had a lower mitotic index than the old cases
without granular layer. So had the young cases with granular layer a lower index
than the old cases with granular layer. The mitotic frequency increased with age
by 69 % for specimens having a granular layer, and by 44 % for specimens not
having a granular layer. Because of the small group sizes resulting from the sub-
division into 4 groups, these increases were not statistically demonstrated.
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Fio. I. Distribution of 3 classes of mitotic indices in the young and old group
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Fie. 2. Average mitotic index in the presence and absence of a granular layer in two
age groups.
3. Cell density in young and old groups and relation of mitotic frequency to cell
density
The number of cells per (100 )2* averaged 55 for the younger group and 73
for the older group. The difference between the two groups was highly significant
(beyond the .1% level). It amounted to 18 2.3 cells per (100 )2 or an increase
in density by one-third in the older group.
In figure 3 the individual figures for cell density are plotted against the associ-
ated mitotic indices. It is clear that for individual cases there was no correlation
between these two variables, despite the fact that both changed demonstrably
with age. Cell density was not a factor which influenced mitotic rate.
4. Degrees of cornification, their incidence and their relation to mitotic frequency
In all but 4 of the 60 cases, a cornified seam lined the surface of the attached
gingiva. This seani was found to be either completely or incompletely cornified.
Cornification was considered complete when the intensively eosin-stained super-
ficial layer of the epithelium contained no nuclei. The material composing this
layer was then designated as keratin. When the superficial layer stained inten-
sively with eosin but contained nuclei, cornification was considered as incomplete
and the material composing it was termed parakeratin.
The cornified seam was usually of varying width at different points on the
surface, most commonly ranging between 10 and 20 j. The maximal width
measured in any specimen was 31 The average width was the same whether
nuclei were preserved or not, and was also the same for the young and the old
group.
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FIG. 3. Relation between density of cells and mitotic indices of individual specimens
In the 4 cases in which the surface was not cornified, a granular layer was
absent, and the cells were intact throughout the epithelium. Three of these
belonged to the old and one to the young group.
Complete cornification: Of the 56 specimens in which the surface was cor-
nified, cornification was complete in 25 cases and incomplete in 31. Ten of the 25
cases classified as completely cornified belonged to the young and 15 to the old
group.
Parakeratosis: In 31 of the 56 biopsy specimens, remnants of cell nuclei were
seen all the way up to the surface of the eptithelium. In many of these specimens,
stretches in which nuclear disintegration was complete alternated with stretches
in which traces of nuclei were visible. All 31 specimens were classified as para-
keratotic. Nineteen belonged to the young and 12 to the old group.
Degree of cornification and frequency of mitosis: The average mitotic index of
the completely cornified cases was 1.08 cells per 1,000; the average for the 31
parakeratotic cases was 1.39 cells. This difference was statistically not significant.
The mitotic indices for the 4 noncornified cases were close to the average of
their age groups.
Parakeratotic specimens were found more frequently in the young than in
the old group and had a higher mitotic index than the fully cornified specimens.
Therefore the lower average mitotic index of the young group was not due to
parakeratotic cases. On the contrary, the tendency for lower indices in the young
group was marked enough to persist despite the counteracting tendency for
parakeratosis.
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Discussion
I. Increase in mitotic frequency with age
The mitotic activity of the older group was found to be higher than that of the
younger group. The difference between the two groups was statistically signif-
icant, though not to a high degree of probability. Two traits other than age were
found to influence niitotic activity: the presence of a granular layer and the
presence of parakeratosis. The former markedly reduced the mitotic rate, the
latter increased it slightly. Our sample shows for the older compared to the
younger age (1) a decrease in incidence of a granular layer, (2) a decrease in
incidence of parakeratosis and (3) a decrease in the association of a granular layer
with parakeratosis. Change (1) tends to increase, changes (2) and (3) to decrease
mitotic frequency. The number of cases studied is, however, too small to permit
generalization of the change with age in the incidence of these traits in the general
population.
Our study showed the balance of these trends to be such as to confirm for the
human gingiva what Bullough established for the epidermal epithelium of the ear
in mice: that the mitotic index is higher in a middle-aged to old group than in a
young adult one. The difference in the present sample amounted to about 50%,
the increase in Bullough's (1) counts amounts to 57%. The first author to raise
the question whether physiologic regeneration of epithelia actually slows with age
was Ortiz Picon (2), who studied the epidermis of abdomen and back of mice from
birth to 33 months of age. At six months the rate of division was twice as high as
at one month and remained higher than at one month for the entire period
studied. Since this study was made in 1933, it is not surprising that no attention
was paid to the effect of diurnal variation and strain differences. A study on
human epidermis by Thuringer and Cooper (3), for which quantitative findings
were not reported, showed age changes in the same direction. Katzberg reported
a doubling of mitotic frequency from the first to the eighth decade in human
abdominal epidermis.
Before generalizing such observations too sweepingly, it would obviously be
desirable to extend them. Meanwhile, however, it appears than the concept of
aging as a general slowing dowi of physiologic regenerative processes cannot be
maintained for epithelia. Whether it should be exchanged for the opposite, that
is, whether there is a general acceleration of epitheial proliferation, remains to
be seen.
It may be worth mentioning that the cases just cited are examples of accel-
erated rates of regeneration, but not of hyperplasia. Absence of age changes in
the thickness of epithelium and length and configuration of the epithelial ridges
of the gingiva was noted by Wentz et al. (4), and no increase in the number of
cell layers was observed by Bullough (1) or Thuringer (3). Thus shedding at the
surface keeps pace with the increased rate of proliferation. This distinguishes
such cases from cases like the benign hypertrophy so frequently seen in the
prostate of older individuals and from the proliferation of the human cardiac
glands in old people observed by Lendrum (5). However, the common feature of
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all these instances is the weakening in the older individual of the mechanisms
which control cellular proliferation.
II. Cell density
A determination of cell density was originally thought of as only a step in the
computation of mitotic indices. Since, unexpectedly, a clear-cut difference be-
tween the two age groups showed up, the findings were considered as interesting
in their own right and have been presented in some detail. During the 34 years
which intervene between the average ages of the young and the old group, the
density of the cell population increased by a third. Whether this change was due
to smaller size of the cells or to closer spacing was not investigated because the
irregular shape of the spinous cells makes even estimates of size a rather formi-
dable task.
It is evident from figure 4 that the density of the cell population is subject to
great individual variation, particularly in the older age group. However, a trend
for increased density is unmistakable in the ten year span covered by the young
group. If one ventures to fit an approximate curve to the scatter, the shape of the
curve resembles that of an exponential function. The result of plotting the
logarithms of the densities against the logarithms of age are shown in figure 5.
It is seen that a straight line which approximately fits the trend in the younger
age group is a fair fit also for the younger half of the older age group (50 to 60
years of age) but not for the older half of the older group.
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FIG. 5. Relation between the logarithms of cell density and the logarithms of age in
individual specimens. (Slope of line according to best visual fit for the trend in the younger
age group.)
On the assumption that the age group 35 to 50 would have fitted on the line,
one may conclude that cell densities increased at a steady rate between 25 and 60
years of age. At later ages they were subject to wide individual fluctuations, but
showed no trend for further increase.
The increase of 33 % for the averages of our age groups is about two times as
high as the increase in total solids of the dermis which one can compute from
Brown's (6) figures for male patients (about 16% for the same age span). The
degree of dehydration alone therefore does not account for the increased density
of the cell population. It is likely that the increasing cell density is in part due to
decreased size of the cells. It is interesting to note that Brown's values for total
moisture like our density figures remain stationary after the age of 60 years.
III. Significance of parakeratosis in the gingiv a
Parakeratosis in the epidermis, that is, a condition in which the cytoplasm
keratinizes, but the nuclei fail to disintegrate completely, is observed by derma-
tologists in certain pathological states. It is stated to be usually associated with
absence of a granular layer (Lever (7)) and is ascribed to accelerated keratiniza-
tion, in which granule formation is "skipped" (Rothman (8)). Evidence for
increased cellular proliferation has not been presented. For the gingiva, para-
keratosis has been considered as a normal form of incomplete cornification and
has also been shown to occur, though not as frequently, when a granular layer
is present (9). The present study confirms the latter finding: 9 0131 cases of para-
keratosis had a granular layer.
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Fin. 6. Average mitotic index at different degrees of hornification in the presence and
absence of a granular layer.
As regards the association of parakeratosis with accelerated keratinization,
this does not hold for the gingiva when the presence or absence of a granular layer
is taken into account. Figure 6 separates the parakeratotic cases with granular
layer from those without, and also the fully cornified cases with granular
layer from those without. This separation shows that in presence of a granular
layer the parakeratotic group has even lower indices than the fully cornified
group, and only slightly higher indices when a granular layer is absent. The
decisive trait associated with a low mitotic frequency is the granular layer. The
degree of nuclear disintegration plays a minor role, if any. Without prejudging
the significance of parakeratosis in other sites, one may conclude that in the
gingiva it neither necessarily signifies the absence of a granular stage nor is the
outcome of accelerated keratinization.
IV. Significance of a granular layer in the gingiva
The role which the granular layer seems to have in the biology of the gingiva
was an unexpected finding in the present study. It is surprising in view of the
slight degree of granulation present. Its clear-cut association with a low mitotic
frequency has been described above. An additional point may be noted: in the
presence of a granular layer the surface seam of cornified material tended to be of
even, moderate thickness, whereas in its absence it fluctuated from a very narrow
to a very wide zone. Again persistence of nuclear remnants played no role in the
width of the cornified seam at the surface.
The mitotic index of the epithelium of the scalp has been found to be 0.41, of
the ear 0.0037, of the leg 0.0026 (Thuringer), and of the abdominal skin 0.4
(calculated from the figures of Katzberg given by Pinkus in Rothman (8)). The
mitotic index of the gingiva is high compared to these epithelia, which have a
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thick granular and keratin layer. The average in all sixty specimens was 1.37
mitoses per 1000cells. The slight degree of cornification of the gingival epithelium
permits to include in the cell counts almost the entire thickness of the epithelium.
For this reason, the difference in mitotic activity between gingiva and epidermis
is even greater than the figures indicate.
The mitotic frequency of the gingival specimens without granular layer
averaged 1.6 cells per 1000, for the specimens with granular layer 0.73 per 1000.
Ranging human epithelia according to increasing granulation three steps may be
seen: gingiva without granular layer; gingiva with slight granulation; epidermal
epithelium with heavy granulation. The mitotic frequencies are high in the
agranular gingiva, intermediary in the granulated specimens of gingiva, and low
in the heavily granulated epidermis. It is tempting to interpret this parallelism as
cause and effect and to conclude that in rapidly regenerating epithelia formation
of a granular layer is "skipped."
Mitotic activity increases with age. Increased mitotic activity tends to lead to
"skipping" of the granular layer. It might therefore be expected that the incidence
of a granular layer declines with age. A feeble tendency in this direction is seen in
the small present sample.
SUMMARY
1. Age differences in the mitotic index of the epithelium of the attached gingiva
were studied in 30 male subjects aged 25 to 35 years and 30 aged 50 to 78 years.
The older group was found to have, on the average, 50 % more mitotic activity
than the younger one. Gingival epithelium thus behaves like epidermal epithelium
of man and mice. It is suggested that current concepts of aging as slowing down
of tissue maintenance processes may require revision in the case of epithelial
tissue.
2. Cell density increased by a third over the same age span. This increase is
likely to be due in part to lower water content of the tissue and in part to a
smaller size of the cells.
3. In the presence of a stratum granulosum, mitotic activity was less than
half as high as when such a stage was not differentiated. Parakeratosis in the
gingiva, on the other hand, showed no association with either higher or lower
rates of mitosis.
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